Reversibility of ultrastructural, contractile function and Ca2+ transport changes in guinea pig hearts after global ischemia.
To understand the subcellular basis of contractile failure due to ischemia-reperfusion injury, effects of 20, 60, and 90 min of global ischemia followed by 30 min of reperfusion were examined in isolated guinea pig hearts. Cardiac ultrastructure and function as well as Ca2+ transport abilities of both mitochondrial and microsomal fractions were determined in control, ischemic, and reperfused hearts. Hearts were unable to generate any contractile force after 20 min of ischemia and showed a 75% recovery upon reperfusion. However, there were no significant changes in the subcellular Ca2+ transport in the 20-min ischemic or reperfused hearts. When hearts were made ischemic for 60 and 90 min, the recovery of contractile force on reperfusion was 50 and 7%, respectively. There was a progressive decrease in mitochondrial and microsomal Ca2+ binding and uptake activities after 60 and 90 min of ischemia; these changes were evident at various times of incubation period and at different concentrations of Ca2+. Mitochondrial Ca2+ transport changes were only partially reversible upon reperfusion after 60 and 90 min of ischemia, whereas the microsomal Ca2+ binding, uptake and Ca2+ ATPase activities deteriorated further upon reperfusion of the 90-min ischemic hearts. Ultrastructural changes increased with the duration of the ischemic insult and reperfusion injury was extensive in the 90-min ischemic hearts. These data show that the lack of recovery of contractile function upon reperfusion after a prolonged ischemic insult was accompanied by defects in sarcoplasmic reticulum Ca2+ transporting properties and structural damage.